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© There is disclosed a process for producing ster- 
ilized prefilled plastic syringes avoiding plastic de- 
formation and distortion. The plastic barrels are sub- 
jected to repeated water jet washing steps to remove 
contaminants and depyrogenate the barrels. Tip 
seals and pistons are subjected to removal of debris 
and pyrogens and destruction of microbial contamin- 
ants. After the tip is assembled on the nozzle of the 
{^barrel, the barrel is filled with liquid material such as 
^contrast media through its open end, after which the 
^piston is assembled in the open end to seal the 
q syringe and its contents. The assembled and sealed 
^■syringe is then subjected to autoclaving to sterilize 
j^the syringe and its contents, without deformation of 
f\jthe plastic syringe or a loss of integrity to the closed 
^(media/syringe system. 
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The present invention relates to processes for 
producing prefilled sterile, plastic syringes contain- 
ing liquid materials suitable for injection in the 
diagnosis and treatment of medical conditions and 
particularly for producing prefilled syringes contain- 
ing contrast media for injection into blood vessels 
during uroangiographic procedures. 

The prior art contains processes for producing 
prefilled sterile glass syringes wherein the syringe 
parts are washed and sterilized prior to assembly, 
filling and sealing with a piston. Then the assem- 
bled and filled syringes are autoclaved to sterilize 
the syringe contents. Generally, the sterilizing of 
the syringe parts including glass barrels prior to 
assembly is performed by heating. Plastic sy- 
ringes, or syringes with barrels made of synthetic 
resins, are softened and warped by heat, and thus 
prior art plastic syringes were sterilized by non- 
heating methods, such as gas sterilization tech- 
niques. Also, the plastic syringes were believed 
unable to withstand autociaving in the sterilization 
of the contents of prefilled syringes. Where the 
size and relative cost of plastic and glass syringes 
made the employment of plastic syringes desir- 
able, unfilled sterile plastic syringes were em- 
ployed by filling with sterilized contrast media, or 
other diagnostic or treatment material, during the 
injection procedure thus increasing the time re- 
quired for the procedure as well as increasing the 
risk of contamination and introduction of pyrogens. 

The present invention is concerned with a 
method of producing a prefilled, sterile plastic sy- 
ringe having a molded plastic barrel with an open 
end and a nozzle at the opposite end, a tip seal 
closing the nozzle, and a piston slidable in the 
barrel and sealing the. open end of the barrel to 
retain a liquid therein. The method includes the 
steps or removing debris and other contaminants 
from the tip seal and piston; destroying microbial 
contaminants on the tip seal and piston; washing 
the barrel with a multiplicity of jets of water to 
remove debris and pyrogens from the barrel; ap- 
plying a layer of lubricant to the barrel, the tip seal 
and the piston; assembling the tip seal on the 
nozzle of the barrel; filling the barrel through its 
open end with s desired quantity of liquid materiel; 
assembling the piston in the open end of the barrel 
to complete the enclosure and to seal the open 
end of the syringe; and autociaving the assembled 
and sealed syringe to sterilize the syringe and its 
contents, while maintaining a pressure on the out- 
side surfaces of the syringe at least equal to the 
pressure of the syringe contents during autociav- 
ing. 



In a preferred embodiment of the invention, the 
method comprises washing the tip seal and piston 
to remove debris and other contaminants; auto- 
ciaving the washed tip seal and piston to destroy 

5 bacteria and other contaminants; rinsing the auto- 
claved tip seal and piston to remove loosened 
contaminants; washing the barrel with a multiplicity 
of jets of water to remove debris and pyrogens 
from -the barrel; applying a fine mist of silicone 

10 lubricant to the barrel; assembling the tip seal on 
the nozzle of the barrel; filling the barrel through its 
open end with a desired quantity of liquid material; 
assembling the piston in the open end of the 
syringe; and autociaving the assembled and sealed 

75 syringe to sterilize the syringe and its contents, 
while maintaining a pressure on the outside sur- 
faces of the syringe at least equal to the pressure 
of the syringe contents during autociaving. 

The invention seeks to provide a method of 

20 producing sterile, prefilled plastic syringes, and 
particularly plastic syringes containing sterilized 
contrast media. 

An advantage of the invention is that the 
present process enables reducing the time spent in 

25 medical procedures such as angiographic proce- 
dures. Another advantage of the invention is that 
the risk of injecting pathogens or contaminants is 
reduced during injection procedures. 

One feature of the invention is that the process 

30 provides a unique combination of steps which en- 
able the production of sterile prefilled plastic sy- 
ringes. 

Other advantages and features of the invention 
will be apparent from the following description of 
35 the preferred embodiments taken in conjunction 
with the accompanying drawings wherein: 

Figure 1 is a sectional view of a prefilled 
sterile plastic syringe produced in accordance with 
the invention; 

40 Figure 2 is a sectional view of a variation of 

the prefilled sterile plastic syringe produced in ac- 
cordance with the invention; 

Figure 3 is a process flow diagram of a 
preferred embodiment of a method for producing 

45 the prefilled sterile plastic syringe of Figure 1; and 
Figure 4 is a process flow diagram of a 
preferred embodiment of a method for producing 
the prefilled sterile plastic syringe of Figure 2. 
As shown in Fig. 1, a prefilled plastic syringe 

so indicated generally at 20 produced in accordance 
with one embodiment of the invention includes a 
plastic barrel 22 having a nozzle 24 at one end 
which is closed by a tip seal 26. An open end 28 of 
the barrel 22 is closed and sealed by a rubber 
piston 30 which can be operated by a handle 32 
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for expressing the contents 34 through the nozzle 
24. The parts of the syringe are individually manu- 
factured. The syringe barrel 22 is produced by a 
suitable plastic-forming process such as injection 
molding of a suitable polymer such as poly- 
propylene, or a co-polymer of polypropylene and 
polyethylene. The tip seal 26 and piston 30 are 
likewise produced by injection molding a suitable 
elastomeric plastic or rubber material to the de- 
sired shapes. 

In a process for producing the prefilled sterile 
syringe 20 as illustrated in Fig. 3. quantities of the 
various parts of the syringe 20 are received at step 
40 and passed to quality control inspection and 
testing procedure 42 where suitable inspection and 
testing of the chemicals utilized to make up the 
contrast medium, and inspection and testing of the 
barrels 22. the tip seals 26 and the pistons 30, as 
well as the packaging materials are performed to 
ensure that these chemicals and parts meet suit- 
able standards for producing prefilled packaged 
and completed syringes. After passing through the 
inspection and testing procedure 42, the chemicals, 
barrels 22, tip seals 26, pistons 30 and packaging 
materials are suitably inventoried and stored in 
steps 44, 46, 48, 50 and 52. From the step 44, the 
chemicals pass through the staging step 54 to a 
make-up step 56 where the chemicals are made up 
into the liquid contrast media which is then passed 
to holding tanks 58 prior to being tested at 60. The 
barrels 22, after passing through a staging step 62 
are printed on the outside with an ink which is 
cured with ultraviolet radiation in step 64. After 
printing and curing of the ink, the barrels are 
passed to a washing and depyrogenation step 66 
wherein the barrets are inverted and subjected to a 
multiplicity, e.g., ten, successive high velocity wa- 
ter jet washings. By repeated washing of the bar- 
rels with relatively strong water jets, contaminants, 
including any pyrogens that are present in the 
barrels, are removed. 

The tip seals 26 and the pistons 30 from their 
receiving storage steps 48 and 50 pass through the 
staging steps 63 and 65 prior to removing debris 
and other contaminants. In the preferred embodi- 
ment illustrated in Fig. 3, debris and contaminants 
are removed from the tip seals 26 and pistons 30 
in washing steps 68 and 70 where they are sub- 
jected to washing to remove most contaminants. 

Alternative^ debris and contaminants can be 
removed from the tip seals 26 and pistons 30 by 
other methods such as subjecting them to high 
frequency vibrations. This can be accomplished 
using known procedures such as, for example, by 
subjecting them to ultrasound vibrations or by 
causing high frequency pulses of air to impinge on 
the surfaces of the tip seals 26 and pistons 30 from 
pneumatic nozzles. Another method of removing 



debris and contaminants from the tip seals 26 and 
pistons 30 can be accomplished by washing them 
in liquid freon under pressure to dissolve and re- 
move particles adhered to their surfaces. 
5 After removal of debris and other contaminants, 

the tip seals 26 and pistons 30 pass to respective 
autoclave steps 72 and 74 where they are heated 
by steam under pressure to a temperature in the 
range from 120 to 125°C. to destroy viable mi- 

w croorganisms and remove contaminants on the tip 
seals 26 and pistons 30. 

Alternatively, microorganisms can be destroyed 
on the tip seals 26 and pistons 30 by other known 
means, provided only that they do not adversely 

/5 affect the materials of construction. For example, 
another suitable method for destroying microbial 
contaminants is by treating the tip seals 26 and 
pistons 30 with an antimicrobial chemical agent. 
Ethylene oxide gas may be employed as the an- 

20 ti microbial agent; however, care must be taken to 
remove all the ethylene oxide from the surfaces of 
the tip seals 26 and pistons 30 by aeration and/or 
the application of vacuum. 

After autoclaving, the tip seals 26 and pistons 

25 30 are rinsed in respective steps 76 and 78 to 
remove the loosened contaminants. From steps 76 
and 78, tip seals 26 and pistons 30 are passed in 
the preferred embodiment to respective siliconizing 
steps 82 and 84 where the parts are soaked in a 

oo fine water emulsion siliconization bath to enable 
their easy assembly. The barrels 22 are sprayed at 
siliconizing step 80 with a fine mist of a selected 
liquid silicone. While silicone is the preferred lubri- 
cant, other lubricants can be used, provided they 

35 are pharmaceutical^ acceptable and inert to the 
materials of construction. One can mention as suit- 
able lubricants, paraffinic waxes such as refined 
beeswax and fixed oils such as cottonseed oil. 
These lubricants can be applied by spraying in a 

40 fine mist or by any other method of application 
which is capable of applying a thin layer of lubri- 
cant. The barrels 22 may then be treated to re- 
move the adherence of excess lubricant to the 
barrels 22 by such processes as autoclaving or 

45 heating. 

The tip seals are assembled onto the nozzles 
24 of the barrels in step 86 after the siliconizing. 
The empty barrels with tip caps on are purged with 
nitrogen prior to filling with contrast media. The 

so barrels are filled in step 88 with contrast media 34 
held in step 58 after the contrast media has been 
sampled and tested in step 60. Following the filling 
of the barrels in step 88 to the desired volume, the 
pistons 30 are then assembled in the open upper 

55 ends 28 of the barrels in step 90 to seal the 
contrast media in the syringe. The assembly of the 
pistons includes the evacuation of air from the 
barrels via a vacuum system so that the pistons 30 
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can be inserted within the open upper ends 28 of 
the barrel with a selected amount of inert gas 
above the level of the liquid contents 34. At this 
stage, a reject mechanism discards those syringe 
barrels which were without a tip cap, or a piston, 
and/or otherwise improperly positioned or not 
ready for the next step. After the pistons have been 
assembled in step 90 the syringes are passed to 
an autoclave in step 92 where the syringes and 
their contents are heated under pressure in a 
steam/air mixture autoclave and sterilized to an F 0 
value of 20 or more, dependent on the contents to 
be sterilized. After sterilization, the syringes are 
inspected in step 94 and the syringes are passed 
through packaging step 96, inspecting step 98 to 
storage in step 100 from which they are shipped in 
step 102. Syringes which do not pass the inspec- 
tion 92 are rejected at 104 and discarded. 

In a variation of the sterile prefilled syringe 
indicated generally at 120 in Fig. 2, the piston 30 
has a backer plate 122 which is designed for being 
gripped and driven by a conventional power inject- 
ing machine (not shown). Additionally, the modified 
syringe 120 includes a nut 124 which is threaded 
onto the nozzle 24 and is configured for securing a 
luer of a catheter (not shown) to the nozzle 24 in a 
conventional manner. 

As shown in Fig. 4, the process for producing 
the syringe 120 differs from the process of Fig. 3 
by including a storage step 130 and washing step 
132 for the backer plates 122, as well as an assem- 
bly step 134 wherein the backer plate 122 is as- 
sembled in the piston 130 prior to the autoclaving 
step 74. The luer nut 124 is sterilized and prepac- 
kaged at step 136. At step 96, the sterilized 
prepackaged luer nut 124 is placed into a form- 
filied seal tray together with the assembled prefilled 
syringe. Alternatively, the luer nut 124 may be 
assembled onto the syringe prior to packaging. 

The combination of steps forming the process 
of Figs. 3 and 4 is able to produce sterile prefilled 
plastic syringes which have heretofore been impos- 
sible to produce utilizing standard production pro- 
cedures. Plastic syringes, and particularly the plas- 
tic barrels 22, have been subject to deformation 
when heatsterilizing the syringes. The present pro- 
cess substitutes a multiple washing and de- 
pyrogenation step 66 which is accomplished by 
repeated water jet washings. Furthermore, it has 
been found that when the syringe is filled and 
sealed and then subjected to the autoclaving step 
92 to sterilize the sealed contents of the syringe, 
the barrel 22 is not subject to distortion as in- 
dicated by the prior art. To avoid barrel distortion, 
the filled syringe is autoclaved by steam/air mixture 
autoclave which selectively adds compressed air 
during the autoclave cycle as necessary in order to 
maintain a pressure in the autoclave, i.e., a pres- 



sure on the outer surfaces of the filled syringes, 
which is at least as great as the pressure of the 
syringe contents during autoclaving. The steam/air 
autoclave has programmable controls which adjust 

5 the pressure by air injection during the autoclave 
cycle in order to maintain the pressure on the outer 
surfaces at a level at least as great as the pressure 
of the syringe contents. A suitable programmable 
steam/air autoclave is commercially available from 

jo American Sterilizer Co., Erie, Pa. 

Since many variations, modifications and 
changes in detail may be made to the above- 
described embodiments without departing from the 
scope and spirit of the invention, it is intended that 

75 all matter described above and shown in the ac- 
companying drawings be interpreted as only illus- 
trative of one or more of many possible embodi- 
ments of the invention which is defined in the 
following claims. 

20 

Claims 

1. A method of producing a prefilled, sterile 
25 plastic syringe having a molded plastic barrel with 

an open end and a nozzle at the opposite end, a 
tip seal closing the nozzle, and a piston slidable in 
the barrel and sealing the open end of the barrel to 
retain a liquid therein; the method comprising the 
30 steps of: 

removing debris and other contaminants from the 
tip seal and piston; 

destroying microbial contaminants on the tip seal 
and piston; 

35 washing the barrel with a sequence of a multiplicity 
of jets of water to remove debris and pyrogens 
from the barrel; 

applying a lubricant to the tip seal, piston and 
barrel; 

40 assembling the tip seal on the nozzle of the barrel; 
filling the barrel through its open end with a desired 
quantity of liquid material; 

assembling the piston in the open end of the barrel 
after the filling thereof to complete the enclosure 

45 and sealing of the syringe and its contents; and 
autoclaving the assembled and sealed syringe to 
sterilize the plastic syringe and its contents, while 
maintaining a pressure on the outside surfaces of 
the syringe at least equal to the pressure of the 

so syringe contents during autoclaving. 

2. A method as claimed in claim 1 wherein the 
filling of the barrel includes filling the barrel with a 
liquid contrast media. 

3. A method as claimed in claim 1 or 2 wherein 
55 the autoclaving of the assembled and sealed sy- 
ringe is performed by heating the assembled and 
sealed syringe to a temperature in the range of 120 
and 125°C to reach an F 0 of approximately 20. 
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4. A method as claimed in claim 1, 2 or 3 
comprising the steps of: 

washing the tip seal and piston to remove debris 
and other contaminants; 

autociaving the washed tip seal and piston to de- 
stroy bacteria and other contaminants; 
rinsing the autoctaved tip seat and piston to re- 
move loosened contaminants; 
washing the barrel with a multiplicity of jets of 
water to remove debris and pyrogens from the 
barrel; 

applying a fine mist of silicone lubricant to the 
barrel; 

assembling the tip seal on the nozzle of the barrel; 
filling the barrel through its open end with a desired 
quantity of liquid material; 

assembling the piston in the open end of the 
syringe; and 

autociaving the assembled and sealed syringe to 
sterilize the syringe and its contents, while main- 
taining a pressure on the outside surfaces of the 
syringe at least equal to the pressure of the sy- 
ringe contents during autociaving. 
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FIG. 4. 



,44 



RECEIVING 



40 



1 



42 



3/3 



QUALITY CONTROL INSPECTION AND TESTING 



I 



46^ \ 48^1 



54n 



CHEMICALS 

~~r~ 



STAGING 



56x 



I 



62^ 



BARRELS 



STAGING 



58r 



MAKE UP 



64TT 



63x 



TIP SEALS 



PRINT AND 
UV CURE 



HOLDING 
TANKS 



60 



T 



66^ T 



68} 



STAGING 



50TT 



65> 



WASH 



80 



TEST 



WASH AND 
DEPYROGENATE 



T 



I 



PISTONS 



67, 



STAGING 

HZ 



WASH 



AUTOCLAVE 



72 



BACKER PLATES 
1 



132 



STAGING 



WASH 



SILICONIZE 



RINSE 



76 



ASSEMBLE 



1/ 



82 



I 



134 



SIUCONIZE 



jL 



ASSEMBLE 
TIP 



AUTOCLAVE 



U74 



88- 



RINSE 

~T~ 



W8 



SILICONIZE 



84 



FILL 



I04-) 
REJECT 



90- 



92- 



94- 



136- 



ASSEMBLE 
PISTON 

f 

AUTOCLAVE 



INSPECTION 



I 



STERILIZE 

AND 
PREPACKAGE 
LUER NUT 



PACKAGING 
MATERIALS 



1 



/ 



52 



PACKAGE 

~T~ 

INSPECT 

~T~ 

STORE 



SHIP 



/ 



96 



•100 



102 



